fiflb7SMfl c lDUS 



Atty. Docket No: VI/99-020 

APPARATUSES, SYSTEMS AND METHODS FOR EXTRAVASATION 

DETECTION 



CROSS-REFERENCE TO RELATED APPLICATION 

This application claims priority to U.S. Provisional Application Serial No. 
60/266,710, filed on February 6, 2001 . 

BACKGROUND OF THE INVENTION 

The present invention relates generally to the detection of extravasation of 
fluids injected into a patient, and, more particularly, to extravasation detection 
apparatuses, systems and methods in medical injection procedures using energy 
transmission through tissue in the vicinity of an injection site or other site. 

In many medical diagnostic and therapeutic procedures, a physician or 
other person injects a patient with a fluid. In recent years, a number of injector-actuated 
syringes and powered injectors for pressurized injection of contrast medium in procedures 
such as angiography, computed tomography, ultrasound and NMR/MRI have been 
developed. 

Extravasation is the accidental infusion of an injection fluid such as a 
contrast medium into tissue surrounding a blood vessel rather than into the blood vessel 
itself. Extravasation can be caused, for example, by fragile vasculature, valve disease, 
inappropriate needle placement, or patient movement resulting in the infusing needle 
being pulled from the intended vessel or causing the needle to be pushed through the wall 
of the vessel. Furthermore, high injection pressures and/or rates of some modern 
procedures increase the risk of extravasation. In computed tomography, for example, 
contrast injection flow rates can be in the range of 0. 1 to 10 ml/s. 

Moreover, extravasation can cause serious injury to patients. In that 
regard, certain injection fluids such as contrast media or chemotherapy drugs can be toxic 
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to tissue if not diluted by blood flow. It is, therefore, very important when performing 
fluid injections to detect extravasation as soon as possible and discontinue the injection 
upon detection. 

Several extravasation techniques are known in the art. Two simple and 
very useful techniques for detecting extravasation are palpation of the patient in the 
vicinity of the injection site and simple visual observation of the vicinity of the injection 
site by a trained health care provider. In the palpation technique, the health care provider 
manually senses swelling of tissue near the injection resulting from extravasation. By 
visual observation, it is also sometimes possible to observe directly any swelling of the 
skin in the vicinity of an injection site resulting from extravasation. 

In addition to palpation and observation, there are a number of automated 
methods of detecting extravasation that may include automatic triggering of an alarm 
condition upon detection. Unfortunately, each of these automated methods of detecting 
extravasation is limited by significant drawbacks. 

15 U.S. Patent No. 4,647,281, for example, discloses subcutaneous 

temperature sensing of extravasation to trigger an alarm. In this method of extravasation 
detection, an antenna and a microwave radiometer instantaneously measure the 
temperature of the subcutaneous tissue at the site where fluid is injected. An algorithm 
periodically determines the temperature difference between the tissue and the injected 

2 0 fluid, and compares the difference to a fixed threshold. An alarm processor uses the 
comparison to determine an alarm condition. 

In addition, U.S. Patent No. 5,334,141 discloses a microwave 
extravasation detection system employing a reusable microwave antenna and a disposable 
attachment element for releasably securing the microwave antenna to a patient's skin over 
2 5 an injection site. The attachment element holds the antenna in intimate contact with the 
patient's skin to optimize microwave transfer therebetween, while shielding the antenna 
from environmental noise signals. Although measurement of temperature changes and 
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emissivity using microwave energy can result in instantaneous detection, temperature 
differences are often too small for practical measurement. 

Several plethysmographic detection techniques are available in addition to 
known temperature sensing techniques. For example, mercury strain gauge 
plethysmographs measure the volume change resulting from venous blood flow in a 
cross-sectional area of a limb of a patient. Air cuff or pulse volume recorder 
plethysmographs measure the changes in pressure within a recording cuff caused by the 
change in volume of a limb or digit as a result of extravasation. Such plethysmographs 
can be cumbersome to operate and/or insensitive to small changes in volume. 

Photo-plethysmographs measure the optical scattering properties of 
capillary blood to detect the presence of extravasated fluids in tissue. An example of a 
photo-plethysmograph is described in U.S. Patent No. 4,877,034. Because light is 
heavily absorbed in tissue, however, the sensitivity of photoiDlethysmographs is 
generally limited to the top X A inch to 7 2 inch of tissue. Most extravasations, however, 
occur deeper than Vi inch to !/ 2 inch. Moreover, the injection medium may flow into 
interstitial spaces remote from the photo-plethysmograph sensors and go undetected. 

Impedance plethysmographs measure changes in the electrical impedance 
in a defined tissue volume of a limb. In this method, an impedance change of a certain 
level in the vicinity of the injection site is interpreted as being an extravasation. A 
change in impedance occurs during extravasation because injection fluid in the tissue of 
the patient changes both the volume and the electrical impedance properties of the tissue. 
Use of electrodes in impedance plethysmographs can, however, result in instabilities. For 
example, maintaining suitable electrical contact between the electrodes of impedance 
plethysmographs and the skin of the patient is often very difficult. 

It is, therefore, very desirable to develop improved devices and methods 
for detecting extravasation during, for example, the high flow rate procedures (1 to 10 
ml/sec) typically encountered in angiographic, CT, ultrasound, and MR imaging 
procedures. 
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SUMMARY OF THE INVENTION 

Current automated methods for detecting extravasation do not take 
adequate advantage of the inherent or designed properties of the injection fluid. In the 
case of a contrast medium, for example, the contrast medium is designed to affect a 
5 certain type or types of applied energy (that is, the imaging energy) to provide an 
enhanced image of an internal region (sometimes referred to as a region of interest or 
ROI) of a patient. The inherent or designed properties of an injection medium can be 
used to provide a sensitive measurement of extravasation in real time. 

p In one embodiment, the present invention provides an apparatus for the 

Zj. 10 detection of extravasation in an imaging procedure. Such imaging procedures typically 
UT include the steps of injecting a contrast medium into a patient and supplying imaging 

energy from a first source of imaging energy to a region of interest of the patient to create 
JL an image of the region of interest. As discussed above, this image is enhanced by the 

M= effect the contrast medium has upon the imaging energy in the region of interest. In 

□ 15 general, the extravasation detection apparatus includes at least a second source of imaging 
bt energy to supply imaging energy to tissue in the vicinity of a site. The apparatus also 

includes at least one sensor to measure a signal resulting from the imaging energy 

supplied to the tissue by the second imaging energy source. 

The apparatus of the present invention thus uses the inherent or designed 
20 properties of the contrast medium to detect extravasation of the contrast medium. For 
example, in the case of a contrast medium designed to be use in connection with a 
procedure in which X-rays are used as the imaging energy (for example, computed 
tomography or CT), the contrast medium is designed to absorb, block or scatter 
transmission of X-rays and low energy gamma rays. In this embodiment, a source of X- 
25 rays or gamma rays preferably provides a safely low level of such energy to a site on a 
patient's limb at which extravasation is to be detected (for example, the injection site). 
An energy sensor or detector that is suitable for detecting X-rays and/or gamma rays is 
preferably positioned on an opposing side of the limb from the energy source. The level 
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of energy detected by the sensor provides an instantaneous and sensitive measurement of 
extravasation. 

Other energy sources can be used in the present invention depending upon 
the properties of the contrast medium. Ultrasound imaging, for example, creates images 
of the human body by broadcasting ultrasonic energy into the body and analyzing the 
reflected ultrasound energy. Differences in reflected energy (for example, amplitude or 
frequency) appear as differences in gray scale or color on the output images. As with 
other medical imaging procedures, contrast media can be injected into the body to 
increase the difference in the reflected energy and thereby increase the gray scale or color 
contrast displayed in the image (that is, the image contrast) viewed by the operator. 
These same properties of an ultrasound contrast medium used to enhance the imaging 
procedure can also be used to detect extravasation. 

Preferably, the second imaging energy source and the sensor are 
positioned in a manner so that the vicinity of the site is available for palpation and visible 
for visual inspection. Unlike many other devices for automated detection of 
extravasation, the energy source(s) and the sensor(s) of the present invention need not be 
in contact with patient. 

It is not necessary that the energy source used in the extravasation 
detection apparatus of the present invention deliver the same type of energy that is 
delivered to the region of interest to produce an enhanced image. Indeed, the 
extravasation detection apparatuses of the present invention are not limited to imaging 
procedures and can be used in any injection procedure in which there is a potential for 
extravasation. For example, any injection medium that will reflect, scatter and/or absorb 
a type of energy can be detected by the extravasation detection apparatuses of the present 
invention. In general, the presence of such injection media will change the strength of an 
energy signal that is supplied thereto. For example, any injection medium that contains 
heavy metal ions is capable of absorbing or scattering X-rays or low energy gamma rays. 



Such injection media are, for example, used as contrast media in magnetic resonance 
imaging as well as in CT. 

The present invention thus provides a method of detecting extravasation of 
an injection medium including the steps of supplying energy to tissue in the vicinity of a 
5 site and measuring a resultant signal. The energy is preferably selected so that the 
injection medium will reflect, scatter and/or absorb the energy. Moreover, the energy is 
preferably chosen to penetrate beyond superficial tissue layers (for example, to a depth 
greater than !/ 2 inch). 

O In the case of an injection medium that does not inherently reflect, scatter 

gi 10 and/or absorb energy, an additive can be placed in the injection medium to act as an 
f5" extravasation detection medium. For example, an ultrasound contrast agent can be added 

to a chemotherapy agent for detection using ultrasonic energy. The present invention 
B thus further provides a method for detecting extravasation in an injection procedure in 

r: which an injection medium is injected into a patient that includes the steps of: mixing an 

yy 15 additive with the injection medium; supplying energy to tissue in the vicinity of a site; 
□ and measuring a signal resulting from the energy supplied to the tissue. The additive is 

adapted to affect the signal so that extravasation is detectable. 

The present invention further provides an injection system including a 
powered injector and an extravasation detection apparatus. The extravasation detection 
2 0 apparatus includes at least one source of energy to supply energy to tissue in the vicinity 
of a site and at least one sensor to measure a resultant signal. In general, the signal is 
proportionate to the energy reflected, scattered and/or absorbed by extravasated fluid in 
the vicinity of the site. 

The present invention also provides an apparatus for the detection of 
25 extravasation including at least a first source of X-ray energy or gamma ray energy to 
supply X-ray energy or gamma ray energy and at least a first sensor to measure a signal 
resulting from the energy supplied to the tissue. Likewise, the present invention also 
provides an apparatus for the detection of extravasation including at least a first source of 

6 



ultrasonic energy to supply ultrasonic energy and at least a first sensor to measure a 
signal resulting from the ultrasonic energy supplied to the tissue. 

The present invention also provides a method for detecting extravasation 
in an imaging procedure. As discussed above, the imaging procedure generally includes 
the steps of injecting a contrast medium into a patient and supplying imaging energy to a 
region of interest of the patient to enhance an image. The method of the present 
invention includes the steps of: supplying imaging energy to tissue in the vicinity of a 
site; and measuring a signal resulting from the imaging energy supplied to the tissue. 

Likewise, the present invention provides a method for detecting 
extravasation including the steps of (1) supplying X-ray energy, gamma ray energy 
and/or ultrasonic energy to tissue in the vicinity of a site, and (2) measuring a signal 
resulting from the energy supplied to the tissue. 

In some patients, extravasation sometimes occurs at a site remote from the 
catheter insertion point (that is, the injection site). The present invention easily affoids 
the ability to detect extravasation at the injection site and/or any position or site remote 
from an injection site, but along a path of potential extravasation. Multiple energy 
sources and/or multiple sensors may be positioned along a path of potential extravasation. 

Numerous other advantages are afforded by the apparatuses, systems and 
methods of the present invention as compared to current apparatuses, systems and 
methods of detecting extravasation. For example, a larger portion of tissue can be probed 
for the presence of extravasated injection fluid. 

Unlike prior modalities, detection of extravasation in the present invention 
is not sensitive only in superficial layers of tissue, but can preferably reach through the 
entire tissue volume into which injection fluid can migrate in the case of extravasation. 

Moreover, because contact with the patient is not required in the present 
invention, the detection site(s) remain open for visualization and/or palpation. Likewise, 

tight coupling of transducers to the patient's skin and attendant discomfort and/or tissue 
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damage are avoided. The devices of the present invention can also be used in connection 
with multiple procedures and patients, eliminating the expense and operative 
inconvenience associated with disposable sensors used in other techniques. 

The present invention and its attendant advantages will be further 
5 understood by reference to the following detailed description and the accompanying 
drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 illustrates a side view of an embodiment of a device or apparatus 
for detecting extravasation of the present invention. 

Figure 2 illustrates another embodiment of a device or apparatus for 
detecting extravasation of the present invention. 

DETAILED DESCRIPTION OF THE INVENTION 

Figure 1 illustrates one embodiment of an extravasation detection 
apparatus or device 10 of the present invention. Extravasation detection device 10 
preferably includes an energy source 20 that is preferably positioned on one side of a site 
at which extravasation is to be detected. A sensor 30 suitable to detect a signal resulting 
from transmission of the energy emitted by energy source 20 may be positioned opposite 
energy source 20 such that energy (for example, X-ray energy or gamma ray energy) that 
is emitted by energy source 20 and is transmitted through the tissue of a patient's limb 45 
is detected by sensor 30. 

In the case that reflected energy is to be measured (for example, in the case 
of ultrasound energy), energy source 20 and sensor 30 are preferably positioned on the 
same side of a site. In Figure I, energy source 20 and sensor 30 are positioned about an 
injection site 40 on a patient's limb 45 as defined by injection needleSO, which is 
25 connected to a source of injection fluid by a fluid path 60. 
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During an injection procedure, energy emitted by energy source 20 
supplies energy to the tissue of limb 45, and a resultant signal is detected by sensor 30. 
Unlike prior extravasation detection systems, inherent or designed properties of the 
injection fluid may be used in the apparatus of the present invention to detect 
5 extravasation. For example, injection fluids such as contrast media used in imaging 
procedures are chosen or designed to respond in a particular manner to imaging energy. 
For example, the imaging energy may be transformed, reflected, scattered and/or 
absorbed by a contrast medium. It is this property of a contrast medium that enables 
enhancement of an image of a region of interest. These and other inherent properties of 
10 an injection medium (or an additive thereto) can be used to provide a sensitive detection 
of extravasation in real time. 

Sensor 30 is preferably connected via circuitry 70 (as known in the art) to 
an alarm device 80 to provide an indication (for example, an audible, visible or tactile 
indication) to an operator that extravasation is occurring. Circuitry 70 can also be in 
15 communicative connection with a powered injector 90 used to pressurize injection fluid 
contained within a syringe 100 that is in fluid connection with fluid path 60. Detection of 
extravasation can, for example, result in automatic cessation of the injection procedure by 
injector 90. 

Extravasation device 10 can also be in communicative connection with an 
20 imaging system 106. Imaging system 106 may, for example, comprise a source of 
imaging energy 108 and a signal receiver 110. Receiver 110 is preferably in 
communicative connection with an imager 112 that may, for example, comprise a 
processing unit 1 14 and a display 1 16. Warning of extravasation can, for example, be 
displayed on display 116. A record of the occurrence of extravasation can also be 
25 maintained on a memory unit of processing unit 1 14 or another computer system. 

Preferably, a fixed geometry is maintained between source 20, sensor 30 
and site 40 to ensure consistent measurement. Source 20 and sensor 30 may, for 
example, be connected in a fixed relationship to each other by a frame 105 that can be 



positioned in a fixed manner relative to site 40. 

Extravasation typically occurs in the immediate vicinity of the injection 
site. Extravasation may sometimes occur, however, at a site remote from the injection 
site 40. In the embodiment of Figure I, extravasation can be detected at a site remote 
from an injection site (but along a path of potential extravasation) using a second energy 
source 20' and a second sensor 30' that are preferably connected by a frame 
member 105'. Source 20' and sensor 30 5 operate as described above in connection with 
source 20 and sensor 30. Multiple energy source/sensor couplings of the present 
invention can be positioned as an array along a path of potential extravasation. It is thus 
possible to detect extravasation that may occur at remote locations as a result of injection 
of the fluid into the patient at the injection site. 

The operation of one embodiment of the present invention will be 
discussed in further detail with reference to Figure 2. In Figure 2, a source 120 of, for 
example, low-level gamma rays (represented by arrows) is positioned opposite from 
sensors 130 and 130', each of which preferably includes a high-energy photonic detector. 
A patient's limb 145 is positioned between source 120 and sensors 130 and 130', which 
are positioned on each side of an artery 140. 

Gamma ray source 120 can, for example, be any number of long half-life 
radioisotopes, such as lodine-129 or Americium-241 . Sensors 130 and 130' can, for 
example, include a photo multiplier tube, a solid-state detector (such as a cadmium-zinc- 
telluride or equivalent detector), or another gamma ray detector as known in the art. 

Under conditions of no extravasation (as represented by the area on the 
right side of artery 140 in Figure 2), gamma rays emitted from source 120 will pass 
through the limb and strike sensor 130'. Sensor 1 30' will register those gamma rays. 
Intervening tissue offers some resistance to the migration of high-energy photons, but this 
resistance is limited compared to the effect of the presence of contrast medium. 
Preferably, a baseline measurement is made before an injection procedure begins to 
account for the effect of intervening tissue on the energy. In the absence of extravasation, 
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sensor 130' will register high activity (that is, generally equivalent to the baseline 
measurement). 

When extravasation occurs, as represented by area to the left side of 
artery 140 in Figure 2, contrast medium 150 "blocks" photons from striking sensor 130. 
Sensor 130 will, therefore, register measurably lower activity than the baseline 
measurement and an extravasation alarm can be indicated and/or the injection procedure 
automatically ended. A threshold value of change in activity from a baseline 
measurement is readily established to determine if extravasation has occurred. 

Because contact with the patient's limb is not required in the present 
invention, the vicinity of the detection site is maintained in an unobstructed state for 
palpation and/or visual observation by health care providers. 

Although the present invention has been described in detail in connection 
with the above embodiments and/or examples, it is to be understood that such detail is 
solely for that purpose and that those skilled in the art can make variations without 
departing from the invention. The scope of the invention is indicated by the following 
claims rather than by the foregoing description. All changes and variations that come 
within the meaning and range of equivalency of the claims are to be embraced within 
their scope. 



